Chronic atrophic gastritis (CAG) is a common and possibly precancerous digestive tract disease. Development of drugs with effect of preventing precancerous lesions draws the eyes of global researchers. Qilianshupi decoction (QLSP) is a Traditional Chinese Medicine (TCM) that is commonly used to treat CAG, but few studies have explored the mechanism of QLSP on treating CAG. This study investigated the molecular targets of the component herbs of QLSP in preventing precancerous lesions based on network pharmacology. Network pharmacology analysis revealed that the 6 herbs regulated multiple CAG-related genes, among which the most important were cancer-related pathway (apoptosis, p53, and VEGF) and epithelial cell signaling in Helicobacter pylori infection. Further animal experiments showed that the expression of survivin and p53 in precancerous lesions of CAG rats was significantly increased which was suppressed by QLSP. Moreover, telomerase activity was inhibited in precancerous lesions of CAG rats, and telomere length of gastric mucosa was increased, which was reversed by QLSP. Our results suggest that the components of QLSP prevents gastric precancerous lesions through decreasing the expression of survivin and p53 and regulating telomerase activity and telomere length in CAG.
Introduction
Chronic atrophic gastritis (CAG) is often associated with intestinal metaplasia and atypical hyperplasia, which are characterized by local or extensive chronic inflammation of gastric mucosa, atrophy and reduction of the intrinsic glands, thinning of the mucosal layer and thickening of the mucosal myometrium. CAG is defined as precancerous lesions when accompanied by moderate or severe atypical hyperplasia (ATP) or intestinal metaplasia (IM), according to the 1978 WHO Expert Meeting of Gastroenterology. We must take CAG seriously because gastric cancer (GC) is the fifth most commonly diagnosed malignancy and the third leading cause of cancer-related deaths worldwide [1] .
Studies have shown that precancerous lesions are a nonspecific process, characterized by long-term cell degradation and proliferation. Even when some oncogenes are activated, cell metabolism may be deficient, especially nucleic acid metabolism and DNA repair, but these are reversible processes [2, 3] . Precancerous cells can develop to carcinoma in situ without interventional therapy or revert to normal cells after treatment.
Moderate and severe atrophic gastritis create a significantly less acidic environment, with decreased parietal cells, G cells, and chief cells in the stomach, which are directly related to decreased hydrochloric acid, pepsinogen, and gastrin [4, 5] . This structural disorder and the decrease in parietal cells diminish the acidic microenvironment and further accelerate malignant transformation. Proliferation and migration of primary cells are also affected by the decrease in parietal cells [6] .The decrease of chief cells results in the decreased pepsinogen secretion, and the low-acid environment caused by the loss of parietal cells further decreases the ability to activate pepsinogen, thus creating a vicious circle by aggravating the atrophic gastritis with mucosal nutrition absorption disorder and gland atrophy [7] . The aggravated mucosal atrophy increases gastric ATP and IM, which can lead to gastric cancer. Therefore, preventing further development of IM and dysplasia by CAG is critical to reduce GC incidence, as CAG is an important link in its occurrence and development.
Modern western medicine has no specific treatments for CAG. It is treated by chemotherapy or sequential therapy if Helicobacter pylori infection is present; otherwise, it is usually treated with vitacoenzyme [8] . Therefore, choosing an appropriate Traditional Chinese Medicine (TCM) is important. Studies have shown that TCM can reduce or eliminate IM and ATP, thus reversing precancerous lesions and preventing GC [9] [10] [11] [12] . Therefore, Qilianshupi decoction (QLSP) was used to treat CAG in our study. QLSP comprises Astragalus membranaceus, Fructus ligustri lucidi, Scutellaria barbata, Zedoary rhizome, and Semen coicis. We compared the clinical and pathological effects of QLSP and vitacoenzyme for precancerous CAG lesions and found significant differences in clinical symptom score, gastric mirror image, pathological effect, and pathological score (P < 0.05) [13] . A randomized controlled trial in rats with precancerous CAG lesions in 2013 showed that QLSP increased gastric mucosal thickness and blood flow and reduced the incidence of CAG precancerous lesions [14] .
We repeated the comparison between the two groups and found that QLSP had improved IM pathological score than the vitacoenzyme group. Our experiment showed that QLSP could block or reverse gastric precancerous lesions by such mechanisms as inhibiting angiogenesis factors (such as VEGF and receptor, bFGF, and PDGF), antioxidation, inhibiting lipid peroxidation, regulating immunity, improving blood PGl2/TXA2 balance, inhibiting H. pylori infection, and fighting-inflammation [15] .
The total effective rate of QLSP in treating CAG in clinical was 80.3%, which was significantly higher than that in the group treated with vitacoenzyme (47.2%). QLSP can notably improve the pathological changes such as granular hyperplasia, hyperemia and edema, and erosion and ulcers in patients who underwent gastroscopy than vitacoenzyme (P < 0.01) [16] . The therapeutic effect of QLSP should comprise both direct effects on CAG and indirect effects on other targets. Based on existing pharmacological studies, we found that Radix astragali mainly contains polysaccharides, saponins, flavonoids, amino acids, and other chemical constituents [17] , which have immunomodulatory, antiinflammation, antiviral, hepatoprotective, and gastric mucosa protective effects [18] . Extract of F ligustri lucidi had an inhibitory effect on tumor cells such as H22, A548, LLC, and LNCap [19] . This antitumor effect was suggested to be caused by inhibition of reverse transcriptase and various DNA polymerases in tumor cells [20] . Methanol extract of S Coicis induced apoptosis and cell cycle arrest in human lung cancer A549 cells, in vitro and in vivo, by reducing mitosis and cell proliferation [21] . Curcumin exerted a significant anti-inflammatory effect in H. pylori-infected mucosa, which implies a nutritional approach could prevent H. pylori-induced inflammation [22] . Dai used serum pharmacology to study the activity of S. barbata against mouse hepatoma H22 cells in vitro [23] and found that S. barbata extracts could inhibit H22 hepatoma cell growths by inducing apoptosis and cytotoxin.
However, the comprehensive pathway and target of QLSP are still not fully understood. We, therefore, used network pharmacology and bioinformatics to explore the active components and target pathways of QLSP. We screened 74 active components of QLSP and 54 gene targets closely related to the known pathogenesis of CAG. We then screened 132 genes most strongly correlated with QLSP and CAG by analyzing the intersection of drugs and disease targets.
Network pharmacology analysis revealed that the 6 component herbs affected various CAG-related genes, including genes that affect cancer-related pathways (apoptosis, p53, and VEGF), epithelial cell signaling in H. pylori infection, TNF signaling, ErbB signaling, toll-like receptor signaling, cAMP angiogenesis, microRNAs in cancer which could cover the main processes of H. pylori infection, inflammation, and tumor-like lesions.
In this study, we will detect the expression of survivin and p53, telomerase activity, and telomere length of gastric mucosa cells of experimental rats (as carcinogenesis indicators) to observe the effect of QLSP on CAG gastric mucosal and apoptosis [24, 25] . Therefore, by observing the level of mutant p53 protein expression after QLSP treatment, we will have a clear judgment on the effect of QLSP and the intestinal metaplasia of CAG and observe whether QLSP can inhibit the transformation of CAG to gastric cancer.
Materials and Methods

Methods of Network Pharmacological Analysis.
To study the relationship between QLSP and CAG, we initially screened the known chemical constituents and action targets of QLSP and then screened known targets in CAG pathogenesis. After the intersection was analyzed and predicted, the target was screened again according to the screening rules, and then the possible mechanism was discussed.
We screened the active components of QLSP by searching the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) [26] and Traditional Chinese Medicines Integrated Database (TCMID) [27] and then screened them according to their absorption, distribution, metabolism, and excretion parameters [28] [29] [30] . The targets of QLSP were predicted, and the "active component-target network" was constructed by Cytoscape 3.2.1 [31] . Known targets for CAG were retrieved by two databases, OMIM (http://www.omim.org/) [32] and GAD (https://geneticassociationdb.nih.gov/) [33] . We constructed a protein-protein interaction network for treating CAG with QLSP using protein interaction databases. Key targets of CAG by QLSP were screened and analyzed by CytoNCA [34] , and mechanisms were analyzed by the gene enrichment analysis plug-in ClueGO [35] . The QLSP drug extract was provided by the pharmaceutical preparation section of Traditional Chinese Medicine Hospital of Shandong Province, at a concentration of 1.2 g/ mL. Ranitidine capsule was manufactured by Jiangxi Huiren Pharmaceutical Co., Ltd. N-methyl-N′-nitro-nitrosoguanidine (MNNG) was provided by Germany FluKa products, (batch number: 20090310), Beijing Chemical Reagent Co., Ltd. Ethanol was provided by Tianjin Fuyu Fine Chemical Co., Ltd. (batch no.: 091225). Telo TAGGG Length assay was provided by Roche Co., Ltd.
Animals and
The MNNG was diluted into 100 μg/mL solution and added to black drinking water bottles. Rats freely drank the freshly-prepared MNNG solution. The MNNG solution was replaced every day for 20 weeks. Ranitidine capsules were added to the diet and processed into a feed containing 0.03% ranitidine and supplemented with irregular diet (full feeding for 2 days and stopping feeding for 1 day recurrently) for 20 weeks. We performed gastric administration of 2 ml 40% ethanol for model rats, twice a week for 10 weeks.
Study Design.
We randomly divided 100 rats into 2 groups: normal group (n � 20), CAG group (n � 80). We sacrificed two rats in the CAG group every two weeks to observe the establishment of CAG model until the end of the 20th week. After establishing the model, rats were divided into four groups of 15 rats each according to their body weight: a CAG group, small-dosage QLSP (QLSP(S)) groups, middle-dosage QLSP (QLSP(M)) groups, and large-dosage QLSP (QLSP(L)) groups. Each group received drug interventions for 12 weeks. All groups were given gastric perfusion by body weight at 10 ml/kg. In the QLSP groups, the crude drug content was 0.522 g/mL in the QLSP(L) group, 1.044 g/mL in the QLSP(M) group, and 2.088 g/mL in the QLSP(S) group. The normal and CAG groups were given 0.9% saline. Figure 1 shows the study design.
Analysis of Telomere Length by Southern Hybridization.
Telomere length was measured by Telo TAGGG Telomere Length Assay (Roche). DNA was extracted by the phenol chloroform method and dissolved in TE solution. The integrity of chromosome DNA was detected by electrophoresis. The 20 μl genome was digested overnight at 37°C with an appropriate amount of HinfI, and the degree of digestion was detected by electrophoresis. DNA was digested onto 7 g/ L agarose gel for electrophoresis (40 V overnight) . The southern blot imprint was then transferred to nylon film. The average telomere length was calculated by hybridization and coloration with kit.
Western
Bolt. Cells were lysed with RIPA buffer, and the protein concentration of samples was measured by BCA assay kit (Thermo Scientific). 10-12% SDS-PAGE separating gels were prepared for running protein. After protein transfer, PVDF membranes were blocked in 2% BSA (Sigma-Aldrich) for 1 h and incubated with survivin primary antibody (1 : 1000, abcam #ab469, Cambridge, MA, USA) or p53 primary antibody (1 : 1000, abcam #ab1431, Cambridge, MA, USA) at 4°C overnight and then incubated with the secondary antibody (1 : 20000, Zhongshan Golden Bridge Biotechnology Co, Beijing, China) at room temperature for 1 h. The membranes were infiltrated with ECL (Thermo Scientific) and detected with Immobilon Western HRP substrate (Millipore Corporation, Billerica, USA).
Immunohistochemistry and HE Staining.
Tissues were cut into 7 μm slices. After dewaxing, rewatering, and antigen repair, slices were blocked in 4% serum for 1 h and then were incubated with survivin primary antibody (1 : 2000, abcam #ab469, Cambridge, MA, USA) or p53 primary antibody (1 : 100, abcam #ab1431, Cambridge, MA, USA) at 4°C overnight. Slices were incubated with DAB solution, followed by incubation with horseradish peroxidase-labeled secondary antibody for 1 h. The confocal microscope A1 (Nikon Instruments Inc. USA) was used to take pictures. Whether the expression of survivin protein is positive or not depends on the positive integral value of the staining intensity of staining reaction and the number of positive cells. The staining intensity was 0 for nonstaining, 1 for light yellow, 2 for brown yellow, and 3 for brown. The number of positive cells <10% was 0, 10-45% was 1, 46-70% was 2, and >70% was 3. According to the integral value of these two indexes, negative (− ) was ≤3 and positive (+) was ≥4. For HE staining, slices were incubated with the alum haematoxylin for 10 min to stain nuclei and stained with eosin for 2 min and then dehydrated, cleared, and measured.
Measurement of Telomerase Activity.
Telomerase activity was measured by Telo TAGGG Telomerase PCR ELISA PLUS kit (Roche). Frozen tissue samples were cut into 10 to15 μm thickness, and all steps were performed in accordance with the kit instructions. The absorbance of the samples was recorded by a microplate reader at 450 nm within 30 min after adding the stop reagent.
Statistical Analysis.
Data from three independent experiments were expressed as the mean ± standard deviation (SD). One-way ANOVA was used for multiple-group statistical analyses. Raw data were analyzed with SPSS 17.0 software, and images were processed with Graphpad Prism 6. P values <0.05 were considered as statistically significant.
Results
Network pharmacology analysis of QLSP with CAG is shown in Figure 2 .
Target Prediction and "
Active Component-Target Network" Construction. QLSP is composed of A membranaceus, S. barbata, F ligustri lucidi, Z rhizome, and S coicis. We searched the TCMSP and TCMID for these components and screened their absorption, distribution, metabolism, and excretion parameters. The screening conditions [36] were oral bioavailability ≥30 and drug-likeness ≥0.18. We obtained 74 active components of QLSP. We predicted the targets of these active ingredients using the TCMSP target prediction model. After excluding repetitive targets, the analysis by Cytoscape 3.2.1 showed 149 active blood-entry components that affect pathogenesis of hematopoietic diseases ( Figure 3 ).
Taking "chronic atrophic gastritis" as the key word, we retrieved only data associated with CAG from the OMIM and GAD databases. We found 54 known target genes for CAG (OMIM: n � 35; GAD: n � 19).
Screening and Analyzing the Key Nodes of QLSP in
Treating CAG. To describe the complex effect of QLSP in treating CAG, we analyzed protein-protein interaction (PPI) data to find direct and indirect regulatory relationships. We consulted four protein interaction relational databases (Biological General Repository for Interaction Datasets, Database of Interacting Proteins, Biomolecular Interaction Network Database, and Molecular Interaction Database) in BisoGenet, to construct the PPI network of the active components of QLSP and CAG. The action pathway of QLSP in treating CAG was a complex regulatory network, and transduction between different signal pathways and targets was clear.
We found 6487 direct or indirect CAG targets of QLSP PPI network and identified as many as 146,962 interactions between these targets. The PPI network diagram of CAGrelated targets shows 1984 targets directly or indirectly related to CAG, and 35,960 interactions are related to each other. We therefore extract the intersection network from the QLSP and CAG PPI networks and found 1487 targets and 30,863 interactions by QLSP for the treatment of CAG.
Analysis of the Mechanism of QLSP in Treating CAG.
The intersection network extracted from the two PPI network diagrams drawn by Cytoscape, and CytoNCA [34] is used to conduct the network topology analysis by combining the relevant literature and using the indices of degree centrality (DC), betweenness centrality (BC), closeness centrality (CC), eigenvector centrality (EC), network centrality (NC), and local average connectivity (LAC). Initially, we filtered important nodes based on whether the DC value was larger than "big hubs," which required that the node's DC value be 2× the median DC value of all nodes in the network. We then filtered the new network again, which required the important node to be bigger than the median of DC, BC, CC, EC, NC, and LAC values to ensure that the targets can transmit information through more nodes and have higher information transmission efficiency. We found 132 key nodes by topology screening (Figure 4 ).
After these key nodes were found by topology screening, the signal pathway enrichment and KEGG pathway enrichment analysis of 132 key targets were carried out by the gene enrichment analysis plug-in ClueGO, which gave some clues as to the possible mechanism of QLSP in CAG treatment. Network pharmacology analysis revealed that the 6 herbs regulated multiple CAG-related genes, including genes that affect cancer-related pathways (apoptosis, p53, and VEGF), epithelial cell signaling in H. pylori infection, TNF signaling, ErbB signaling, toll-like receptor signaling, cAMP angiogenesis, and microRNAs in cancer ( Figure 5 ). The assessments were done after 12 weeks of treatment 
Network Pharmacological Result Analysis and
Verification. The most important results are cancer-related pathways (apoptosis, p53, and VEGF), epithelial cell signaling in H. pylori infection, and inflammatory pathways. The cancer-related pathways accounts for nearly half of the pie chart area that includes apoptosis, p53, VEGF, MAPK, NF-kappa B, PI3K-Akt, and neurotrophin signaling pathway. Some nodes in Figure 5 named by breast cancer, endometrial cancer, prostate cancer, and thyroid cancer, but further analyzed as MAPK and p53 signaling pathways. Although H. pylori infection and inflammation is an essential step in the process of CAG, H. pylori is no longer effective once the disease has progressed to IM [37] . IM is a key step in progression towards GC, and how to inhibit IM and regulate cell proliferation and apoptosis is a crucial step in treating CAG [38] . Therefore, it is more important to inhibit the abnormal expression of and apoptosis in the treatment of precancerous lesions of CAG. The network pharmacological analysis indicated that a significant pathway of QLSP in preventing precancerous lesions of CAG is regulating and apoptosis ( Figure 5 ). In contrast with H. pylori infection, the effects of QLSP on and apoptosis of CAG have not been demonstrated, which may be the most critical part of QLSP's suppression of precancerous lesions in CAG.
Therefore, the validation of animal experiments to verify the inhibitory effect of QLSP on H. pylori infection is not of particular significance. We chose to study the expression of survivin and p53 and telomerase activity in gastric mucosa of CAG rats to explore whether QLSP inhibits precancerous CAG lesions. Evidence-Based Complementary and Alternative Medicine
Experiment Results
The Expression of Survivin Was Suppressed in QLSP
Groups. Compared with the normal group, the CAG group had large clusters of brown cells, while the brown cells in the QLSP(L) group decreased significantly than the CAG group in immunohistochemical photographs. The brown cells increased significantly in the QLSP(M) and QLSP(S) group than the QLSP(L) group, but were still less than those in the CAG group ( Figure 6(d) ). According to the integral value of these two indexes, there was no positive expression of survivin in the normal group but highest in the CAG group. The expression of survivin increased gradually with the decrease of dose in the high-and low-dose group of QLSP ( Figure 6(a) ). The results suggested that survivin expression in precancerous lesions of CAG rats was significantly increased and that QLSP could dose-dependently inhibit its abnormal expression.
In the gastric mucosa of the CAG group, the expression of survivin gene was significantly increased. But after treatment, the expression of survivin in the QLSP(L) group decreased significantly ( Figure 6(b) ), which may be one of the mechanisms of QLSP in reversing the precancerous lesions of CAG.
The Expression of Mutant p53
Protein Was Downregulated in QLSP Groups. The brownish red clusters in the CAG group significantly increased than all groups, while there was scarce brownish red clusters in immunohistochemical photographs of the normal group contrarily. The brown cells decreased significantly in the QLSP(M) and QLSP(L) group than the CAG group ( Figure 6(d) ). We can draw a conclusion that the expression of mutant p53 protein was dose-dependently decreased in all QLSP groups compared with the CAG group ( Figure 6(c) ), which may be one of the mechanisms of QLSP in reversing the precancerous lesions of CAG.
Histological Evaluation of Stomach Sections of Rats by HE Staining.
Compared with the normal group, there are diffuse lymphocytes ( Figure 6(d) (1) ), plasma cell ( Figure 6(d) (2) ) infiltration, and lymphatic follicle formation ( Figure 6(d) (4) ) in the CAG group. At the same time, thinner gastric mucosa and atrophy of intrinsic glands ( Figure 6(d) (3) ) decreased the number of acid-secreting cell lines, and intestinal metaplasia and dysplasia were observed. There was a dose-dependent improvement in QLSP group compared with the CAG group ( Figure 6(d) ). The infiltration of lymphocytes and plasma cell decreased significantly in QLSP(M) and QLSP(L) groups. The number of lymphoid follicles in QLSP group was significantly lower than that in the CAG group. The histological evaluation of stomach sections of rats indicated that QLSP can inhibit the transformation of gastric mucosa to precancerous lesions.
The Telomerase Activity Was Decreased in QLSP
Groups. From the result of the activity of telomerase quantitatively in gastric mucosa, telomerase activity in CAG group was significantly increased compared with the normal group. Meanwhile, the QLSP(L) group is the closest to the normal group, and the QLSP(M) and QLSP(S) group is closer to the CAG group ( Figure 6(f ) ). Compared with the CAG group, the telomerase activity in the QLSP(L) group was significantly decreased, which indicated that the telomerase activity in precancerous stage of chronic atrophic gastritis was enhanced, and QLSP had a strong inhibitory effect, and the effect was correlated with the dose.
The Telomere Length Shortening Was Inhibited in QLSP
Groups. Telomere length in the CAG group and QLSP(M) and QLSP(S) group was significantly shorter than that of the normal group, and the telomere length of QLSP(L) group significantly longer than the CAG group. But the telomere length was longer in QLSP(M) and QLSP(S) groups than in the CAG group (Figure 6(e) ). These results suggested that QLSP dose-dependently inhibits telomere shortening in CAG precancerous lesions.
Discussion
The total effective rate of QLSP in treating CAG in clinical was 80.3%, which was significantly higher than that in the group treated with vitacoenzyme (47.2%). QLSP can notably improve the pathological changes such as granular (f) Figure 6 : Expression of survivin and mutant p53, histological evaluation of stomach sections, telomere length, and telomerase activity in rat gastric mucosal cells. (a) The positive rate of QLSP in the CAG group was significantly higher than that in the normal group. Survivin expression in the QLSP(L) group was significantly lower than that in the CAG group. (b) Compared with the normal group, expression of survivin in the CAG group was significantly higher than that in the normal group and higher in the QLSP(S) and QLSP(M) groups than that in the QLSP(L) group. (c) Compared with the normal group, the expression of mutant p53 protein was significantly increased in all the groups except the QLSP(L) group. The expression of mutant p53 protein in the QLSP groups was lower than those in the CAG group. (d) Histological evaluation of stomach sections of rats by HE staining. Lymphocytes marked as 1, plasma cells marked as 2, intrinsic glands marked as 3, and lymphatic follicle formation marked as 4. Immunohistochemical photographs of survivin and p53 in gastric mucosa. (e) Telomere length in the CAG group was significantly shorter than that of the normal group and was significantly longer in the QLSP(L) than in the CAG group. (f ) Telomerase activity in the CAG group and the QLSP(M) and QLSP(S) group were significantly greater than in the normal group. Telomerase activity in the QLSP(L) group was significantly lower than in the CAG group. * P < 0.05 vs. the control group, # P < 0.05 vs. the CAG group.
hyperplasia, hyperemia and edema, and erosion and ulcers in patients with gastroscopy than vitacoenzyme (P < 0.01) [16] . The therapeutic effect of QLSP should comprise both direct effects on CAG and indirect effects on other targets. Network pharmacology analysis showed that QLSP should be highly pertinent to CAG treatment in theory, which could cover the main processes of H. pylori infection, inflammation, and tumor-like lesions.
The clinical data we collected showed that QLSP can significantly control H. pylori infection and inhibit the destruction of gastric mucosal epithelium by H. pylori. The eradication rate of H. pylori by QLSP was 73.69% [16] . But simply inhibition of H. pylori does not reduce the risk of GC in patients with metaplasia and dysplasia. We detected the expression of survivin and p53, telomerase activity, and telomere length of gastric mucosa cells of experimental rats (as carcinogenesis indicators) to observe the effect of QLSP on CAG gastric mucosal and apoptosis [24, 25] .
The wild-type p53 gene is a tumor suppressor gene which has biochemical function monitors the integrity of cell genome in G1 phase and prevents the production of cancerprone mutant cells. However, when p53 gene mutation occurs, it will lose its regulatory function, leading to uncontrolled regulation of cell cycle mediated by p53, disorder of DNA molecular program, genetic instability, and polyploid, leading to malignant proliferation of cells [39] . There was no mutant p53 expression in normal gastric mucosal cells, but the positive rate increased to 60 during the process of chronic atrophic gastritis to intestinal metaplasia and dysplasia [40] . Therefore, by observing the decrease of mutant p53 protein expression after QLSP treatment, we confirmed that QLSP significantly inhibited the intestinal metaplasia of CAG, and we inferred that QLSP could inhibit the transformation of CAG to gastric cancer.
Survivin is a member of the IAPs family of apoptosis suppressor proteins. It is not expressed in normal differentiated tissues but enhanced in most tumor tissues. It mainly inhibits the apoptosis process by inhibiting the caspase apoptotic pathway. Survivin also promotes cell proliferation and angiogenesis. Therefore, its expression may be related to GC carcinogenesis and progression [41] [42] [43] .
The pathogenicity of survivin expression has three main aspects: (a) it inhibits and disorders apoptosis and stimulates cell proliferation; (b) it stimulates angiogenesis factors and leads to excessive proliferation of vascular endothelial cells, while promoting local ischemia that further activates angiogenesis, thus forming a vicious circle; and (c) its specific binding reaction with spindle microtubules in the premitotic phase causes tumor cells to escape monitoring at the G 2 /M phase of the cell cycle. Resistance to apoptosis induced by DNA damage or mutation may lead to abnormal mitosis and tumor cell proliferation [42] [43] [44] .
From experimental verification, there was no survivin expression in normal rats but high in CAG rats (Figure 6(a) ). The survivin expression in the gastric mucosa of the CAG group was significantly higher than in the normal group ( Figure 6(b) ). However, survivin expression in the QLSP(L) group decreased significantly after treatment (P < 0.01) and decreased to lesser extents in the QLSP(M) and QLSP(S) group ( Figure 6(b) ), which indicates that QLSP can inhibit survivin expression. We can summarize that QLSP can inhibit the CAG precancerous lesions.
As we know, the pathway from normal cells to cancer cells must involve the mechanism of telomere maintenance, which usually occurs through the upregulation of telomerase. Most somatic cells lack telomerase activity entirely or have very low levels [45] . Both telomerase-dependent and telomerase-independent telomere-elongation mechanisms extend replicative life span and play an important role in cancer progression.
Telomerase is a ribonucleoprotein with reverse transcription activity. Telomere repeat sequences can be synthesized by using the RNA template carried by itself to maintain the stability of telomere length and to make cells divide continuously and become immortalized cells, i.e., malignant tumor cells. Telomere DNA is shortened by 50-100 bp every time a copy is made in normal somatic cells [46] , thus acting as a mitotic clock during cell growth and eventually leading to senescence or apoptosis [47] . When normal cells divide, telomeres at the end of the chromosome shorten. When telomerase is activated, telomere length is maintained, and the cell immortalizes [48] .
Telomerase activation may link cell immortality and malignant tumorigenesis [49, 50] . Telomerase activity can be detected in 80%-95% of human tumors or tumor-derived cells, but not in normal cells. Telomerase activity showed an increasing trend in normal gastric mucosa during atrophic gastritis and IM dysplasia [51, 52] . Therefore, telomerase activity could be a basis for GC diagnosis and treatment.
Studies suggested that survivin enhances telomerase activity via upregulation of specificity protein 1-and c-Mycmediated human telomerase reverse transcriptase gene transcription and upregulated telomerase activity by augmenting gene transcription of human telomerase reverse transcriptase (hTERT) [53] . TERT affects cell growth, as it regulates the expression of telomerase, which affects telomere length, and the length of telomeres can affect the cell growth state [54, 55] . Meanwhile, telomerase served as a modulator of NF-kappa B signaling pathway and can regulate the expression of Bcl-2 and survivin downstream [56] .
Survivin enhances telomerase activity via upregulation of human telomerase reverse transcriptase gene transcription [53] , while immortalization of nontransformed human fibroblasts transduced with telomerase reverse transcriptase upregulates survivin expression [57] . Studies also show that survivin expression and telomerase activity are synchronous expression in cervical cancer and its precursor lesions, and the level of expression of survivin was significantly correlated with the level of human telomerase reverse transcriptase expression and size of the colorectal adenocarcinomas [58, 59] .
Wild-type p53 is a powerful inhibitor of human telomerase reverse transcriptase (hTERT), which was one key component for telomerase, but mutant p53 have no similar inhibition [60] . Telomerase activity and protein expression was significantly decreased in H460 (p53 wild-type) cells compared with H1299 (p53 null) cells and p53 knockdown H460 cells (H460-p53-) [61] . These findings suggest that wild-type p53 repressed telomerase activity through downregulation of hTERT transcription, while mutant p53 do not [62] [63] [64] [65] . Previous reports suggest that wild-type p53 downregulates the expression of survivin in some cell models and cancer cell lines [66, 67] ; meanwhile, the survivin expression is associated with accumulation of mutant p53 in gastric cancer and esophageal cancer [68, 69] . Although there is no literature that mutant p53 can promote the expression of telomerase, a positive correlation between the expression of mutant p53 and telomerase was shown in our study.
The shortening of telomeres may result in chromosome instability and thus promote tumorigenesis. But at the same time, there are studies suggested that telomere shortening in gastric mucosa reflects a field effect in an early stage of carcinogenesis and is associated with an increased risk of GC [70] , which is similar to the results in our study. Telomere length in 35 gastric cancers was found shortened significantly compared with the corresponding gastric mucosae in clinical study [71] . "The Singapore Chinese Health Study" demonstrated a higher risk of gastric cancer to be associated with either extremely short or extremely long telomere length. Short and long telomere length may function differently in the early and late stages of gastric carcinogenesis [72] . Increasing evidence has highlighted activities of telomerase that are independent of its conventional function in telomere maintenance which included regulation of cell cycle and gene expression [73] [74] [75] [76] , inhibition of apoptosis [77] , and modulation of cellular signaling such as NF-κB [78] . There are studies showing that the responsiveness and the time needed for effect of telomerase inhibition on growth arrest or cell death would be different based on initial telomere length of target cells, which may lead to repeated changes in telomere length during the gradual formation of gastric cancer. These findings suggest that either short or extreme long telomeres may be a risk factor for gastric cancer [79] .
In this experiment, telomerase in gastric mucosa was activated in 15 rats in the CAG group, but was inhibited after QLSP treatment ( Figure 6(d) ), which implies that QLSP might reverse precancerous lesions by inhibiting telomerase activity.
In spite of telomerase positive expression can inhibit telomere shortening, the length of telomere in IM cells is still shorter than that in normal cells. But when the cell changed from precancerous lesion to gastric cancer, the telomere length in the cell increased significantly [80] . Therefore, the telomere length significantly shortened in precancerous lesions because its telomerase activity may not be strong enough to inhibit telomere shortening or prolong telomere length.
The longest telomere length was in the normal group, followed by the QLSP(L) group. Compared with the normal group, telomere length in the CAG group was significantly shorter than in the normal group, and the telomere length of the QLSP(L) group was significantly greater than in the CAG group (Figure 6(c) ). Referring to the inhibition of QLSP on telomerase and surviving and p53, we therefore inferred that QLSP inhibits telomere shortening in CAG precancerous lesions and turned precancerous lesion to normal but GC.
In conclusion, from the point of view of network pharmacology, survivin and telomerase, telomere length measurement, we can conclude that QLSP can effectively inhibit the pathological process of CAG precancerous lesions. And, the abnormal and apoptosis can be adjusted effectively, which has a great significance for the treatment of CAG precancerous lesions.
